to understand the molecular players that are sufficient Though mutations in several photoreceptor signaling to trigger the normally quiescent apoptotic machinery proteins have been implicated in triggering this procand to identify the mechanism by which a wide variety of ess, the molecular events relating light activation of molecular lesions in neuronal signaling pathways funnel rhodopsin to photoreceptor death are yet unclear.
We generated rdgC 306 flies containing R, M-p, or R-p 2G). The rhabdomere of the UV-sensitive R7 cell is unaffected ( Figure 2B ), indicating that the apoptotic process forms of rhodopsin and followed photoreceptor degeneration in the dark using transmission electron microsis specific for Rh1 rhodopsin activation. In contrast to the blue light-stimulated animals, rdgC 306 animals 6 days copy. A cross section of a Drosophila ommatidium shows seven photoreceptor neurons (R1-R7) whose cell after 10 min blue immediately followed by 10 min orange light exposures (containing R-p) are indistinguishable bodies are located peripherally around a central canal (Figure 2A) Figures 2D and 2H) . In contrast, a full-blown A straightforward prediction of this hypothesis is that arrestin must be required for degeneration in rdgC 306 picture of apoptosis is evident by 6 days ( Figure 2B ). Together, these data suggest that commitment to apomutants. To investigate this, we designed a set of experiments to reveal genetic interactions between arrestin ptosis upon generation of M-p is a slow process that may require long-lived signaling from a stable M-p state mutants and rdgC
306
. Drosophila photoreceptor cells contain two isoforms of arrestin, arrestin1 ( Figure 4B, traces 1 and 4) . Thus, the formation it is still complexed with M, since difference spectra from head membranes isolated from animals 1 day after of stable M is quantitatively proportional to the fraction of bound arrestin. Difference spectra (blue illuminated a 10 min blue stimulus show an identical quantity of stable metarhodopsin as that from animals 1 hr after minus dark) from either Rh1⌬356 or Rh1StoA phosphorylation-deficient rhodopsin mutants show that the forthe stimulus ( Figure 5E ). These data suggest that complexes of metarhodopsin and Arr2 are transported through mation of stable metarhodopsin is similar to that of wildtype ( Figure 4B, traces 2 and 3) . Together, these data an endocytic process to an internal compartment with a time course of hours and, once internalized, these strongly argue that metarhodopsin phosphorylation is not required for its interaction with arrestin and that complexes are potentially stable for days. its requirement in triggering the apoptotic machinery is likely due to control of other molecular interactions in Arr2 Binds to Clathrin in a PhosphorylationDependent Manner the apoptotic pathway.
A large body of work suggests that the likely mechanism for the transport of the Arr2-M complex from rhabArr2 and Metarhodopsin Are Cointernalized upon Light Activation domere to the cytoplasmic compartment is clathrin dependent endocytosis. For several mammalian GPCRs, To study the fate of M-Arr2 complexes formed upon light activation, we used immunofluorescence techniques to ␤-arrestin1 or ␤-arrestin2 acts as an adaptor protein that binds simultaneously to the activated receptors and to follow the intracellular distribution of Arr2 at several time points after stimulus conditions that generate M-Arr2. the globular terminal domain of the clathrin heavy chain (Lefkowitz, 1998). This activity triggers the clustering of Dark-reared wild-type animals (containing R form) show a purely cytoplasmic distribution of Arr2 (Figure 5A) , activated receptors at coated pits and promotes their internalization as part of a mechanism for long-term consistent with the fact the Arr2 has very low affinity for Figure 6A, first panel) . This experiof ATP to form p-Arr2. A similar experiment with His 6 -Arr2 carrying a mutation at Ser-366 (S366A) shows no ment demonstrates that like the ␤-arrestins, Arr2 interacts strongly with clathrin cages. Interestingly, the modification (data not shown), consistent with specific phosphorylation at position 366. To demonstrate reversconsensus sequence motif identified in mammalian arrestins for clathrin interaction is not evident in Arr2, sugibility of the effect of phosphorylation of Arr2, we dephosphorylated p-Arr2 by incubation of this protein once gesting either that a homologous structural motif is encoded by a highly dissimilar sequence or that a distinct again in Drosophila head membrane homogenates in the absence of added ATP to produce dephosphorystructural interaction mediates the binding.
The findings that carboxy-terminal phosphorylation of lated Arr2 (dp-Arr2). Quantitative removal of phosphate from p-Arr2 was again confirmed by electrospray mass ␤-arrestin1 regulates its interaction with clathrin (Lin et spectrometry (data not shown). To compare the interacdemonstrate this, we measured difference spectra (blue light illuminated minus dark) of rhodopsin-containing tion of Arr2, p-Arr2, and dp-Arr2 with clathrin, we coimmunoprecipitated Arr2 and clathrin as described above membranes extracted from Drosophila heads in the presence of phosphorylated Arr2 or dephosphorylated ( Figure 6A ). These data and their quantitation ( Figure  6C) Figure 7D) . Figure 7E shows 
